Information on interval mapping (IM), composite interval mapping (CIM), multiple interval mapping (MIM), and the ANOVA analysis method was obtained. 1 to 11 QTLs were mapped from different papers.
Protein concentration QTLs
In the former researches, QTLs come from the 18 papers and soybase website listed in Table 2 . Diers (1992) mapped eight protein QTLs of soybean by the population A81-356022 and PI 468916 with the ANVOA method. Furthermore, Diers (2000) reanalyzed and mapped a protein QTLs of soybean by the population A81-356022 and PI 468916 with the IM method, so the new QTLs were used in this study. In several cases, the same populations had been used by different research in independent experiments. For the Minsoy × Noir 1 population, Mansur (1996) mapped three protein QTLs of soybean with the ANVOA method, Orf (1999) mapped two protein QTLs of soybean with the IM method, Specht (2001) mapped five protein QTLs of soybean with the ANVOA method. For the Charleston × Dongnong 594 population, QTL × Environment effects were developed (Shan Dapeng et al., 2009) , and used to reanalyze the new phenotypic data (Chen Qingshan et al., 2007; Zhang Zhongchen et al., 2004) . The set of 107 seed protein concentration QTL (Table 2) was obtained from 21 populations, varying in size from 60 to 284. The analytical methods used to predict the QTL included ANOVA and both simple and composite interval mapping. The population type included RILs, F 2 , F 2:3 , F 4 , F 2:5 , and BC 3 F 4 . A few QTLs with a LOD score below 2.0 were discarded from the analysis to reduce the risk of including false positives. Table 2 . The origin of the set of seed protein concentration QTL included in the metaanalysis (The table details the number of QTL mapped in each population, along with the identity of the parents, the size and the type of each population)
QTL

Fatty acid QTLs
83 QTLs come from the 8 papers and soybase website were listed in Table 3 . Reported information of fatty acid QTLs in soybean
Amino acid content QTLs
For the QTL information of amino acid content, only 3 researches involved (Panthee, 2006b (Panthee, , 2006c Bingchang Zhuang, 2000) . In total, 111 QTLs were mapped with RIL population.
Isoflavone content QTLs
The reseach of isoflavone content was very few. 70 QTLs were mapped in 3 papers (Kassem, 2004; Meksem, 2001a; Guoliang Zeng, 2007) by RIL population. 
Collection of biotic
Collection of yield trait QTLs 2.3.1 100-Seed weight QTLs
Soybean seed size is determined by the genetics of the variety and the environment where the seed was produced. In America, seed size was described as seeds per pound, but in China, seed size was often defined as 100-seed weight. So the research of QTL mapping for 100-seed weight was mainly in China. Among them, the population crossed by Kefeng 1 and Nannong 1138-2 were used for 3 times. The analytical methods included IM and CIM. The population type included RILs and F 2 . In total, 78 QTLs were collected( Table 8 . Information of lodging QTLs in soybean
Plant height QTLs
Plant height become one of important agronomic traits with the increase of planting density. Many factors affect the height of a soybean plant, but the genetic loci is the most important, and the rapid developments of molecular markers have provided powerful tools to map the height-related QTL at the genomic level. 93 QTLs from 13 papers and soybase website were listed in Table 9 Table 9 . Information of soybean height QTLs
Soybean growth stages QTLs
Soybean growth stages divides plant development into vegetative (V) and reproductive (R) stages. The vegetative stages are numbered according to how many fully-developed trifoliate leaves are present. The reproductive (R) stages begin at flowering and include pod development, seed development, and plant maturation. 98 QTLs from 10 papers and soybase website were listed in 
.1 Oil content QTLs projection on a consensus map
In total, 110 QTLs for oil content were projected onto the reference map soymap2, and a consensus map was generated. The projected QTLs covered all LGs of the reference map ( Fig. 1) . Some QTLs could not be projected onto the reference map because they had no common markers with the reference map. As Fig. 1 shows, each LG contained many QTL clusters, and at least two original QTLs were found in each QTL cluster. On LG A1, 7 independent QTLs from different research were projected on the same interval. 
Protein concentration QTLs projection on a consensus map
In total, 70 QTLs of 23 clusters identified, Fig. 2 illustrates the QTL clusters identified: there appear to be one very common site on chromosomes I, at this site, nine QTL was predicted from the various populations to be present. Four metaQTL sites, one each on chromosomes A1, B2, E, and M, at each of these sites, at least four QTL were predicted from the various populations to be present. Eighteen metaQTL site, one each on chromosomes A2, B1, B2, C1, C2, E, G, H, N and O. At each of these sites, at least two QTL were predicted from the various populations; the CIs of these clustered QTL shared a 3cM overlap with one another.
Fig. 2. Consensus map of soybean protein concentration
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Fatty acid content QTLs projection on a consensus map
Different genetic map with their QTLs were projected on the soybean public map Soymap2 to construct a consensus map of major QTLs for fatty acid content in soybean. The consensus QTLs distributed in clusters on A1, B2, D1b, D2, E, G, and L linkage groups (Fig.3 ).
Fig. 3. Consensus map of fatty acid QTLs in soybean
Amino acid content QTLs projection on a consensus map
For amino acid content in soybean, 26 consensus QTLs for different amino acid on 16 linkage groups, that is A1, A2, B2, C1, D1a, D1b, D2, E, F, G, I, J, K, L, M, and O, were constructed (Fig.4) . However, each consensus QTL included not only one kind but a few different kind of amino acids, which would be a key to explain that the same locus could influence the content of many kind of amino acids. 
.1 Fungal disease resistance QTLs projection on a consensus map
QTLs of original map were projected on the reference map by map-projection function of BioMercator2.1. In total, 107 QTLs of fungal disease resistance were projected on the reference map, soymap2, and a consensus map was obtained (Fig. 6) . As the Fig. 6 shown, projected QTLs were covered 11 linkage groups of the reference map. Although these original QTLs were mapped in different genetic backgrounds and with different methods, they were projected on the same regions by the common marker. If a QTL cluster contained more than two QTLs from different researches, this region could contain a potential allele in a high probability.
Insect-resistance QTLs projection on a consensus map
81 QTLs of original map were projected on the reference map. For single insect-resistance trait, the consensus QTLs mainly focused on 4 linkage groups, E, F, H, and M (Fig. 7 ) . The cluster on linkage group E was obviously in a narrow interval. In detail, 3 consensus QTLs were distributed on linkage group F and M for soybean aphid-resistance. 9 consensus QTLs were discovered on 6 linkage group D1a, D2, E, G, H, and M for Corn Earworm. No consensus QTLs were found for Common Cutworm. For multiple insect-resistance trait, 14 concensus QTLs were combined on 8 linkage group D1a, D2, E, F, G, H, M, and N (Fig. not  shown) . (Fig. 8 ) . 16 consensus QTLs on 8 linkage groups A2, B1, B2, D2, E, G, H, and J were integrated. In detail, 3 consensus QTLs were distributed on linkage group B1, B2, and G for SCN Race 1-resistance. 1 consensus QTLs were distributed on linkage group B1 for SCN Race 2-resistance. 7 consensus QTLs were distributed on linkage group A2, E, G, and J for SCN Race 3-resistance. 3 consensus QTLs were distributed on linkage group A2, G, and H for SCN Race 4-resistance. 1 consensus QTLs were distributed on linkage group B1 for SCN Race 5-resistance. 1 consensus QTLs were distributed on linkage group D2 for SCN Race 14-resistance.
3.3 QTL projection of yield traits 3.3.1 100 seed weight QTLs projection on a consensus map 65 QTLs of original map were projected on the reference map (Fig. 9 ) . 10 consensus QTLs on 9 linkage groups B1, C2, D2, K, M, and O were integrated for additive effect. 4 consensus QTLs on 3 linkage groups B2, H, and I were clusted for reductive effect.
Lodging QTLs projection on a consensus map
59 QTLs of original map were projected on the reference map (Fig. 10 ) . 11 consensus QTLs were distributed on 5 linkage group, B1, C2, F, G, and L. Only one consensus cluster were found on linkage group B1 and G, but 2 on linkage group C2 and F, and 5 on linkage group L. 
Plant height QTLs projection on a consensus map
78 QTLs of original map were projected on the reference map (Fig. 11 ) . 12 consensus QTLs were distributed on 7 linkage group, B1, C2, D1a, F, G, K, and M. 
Soybean growth stage QTLs projection on a consensus map
98 QTLs of original map were projected on the reference map (Fig. 12 ). 7 consensus QTLs were distributed on 3 linkage group C2, L, and M for R1 period. 2 consensus QTLs were distributed on 2 linkage group C2 and L for R8 period. 10 consensus QTLs were distributed on 5 linkage group C1, D1a, D1b, F, and J for mixed periods (Fig. not all shown) . 
Meta-analysis of protein concentration QTLs
A meta-analysis was carried out on the consensus QTL sites on 23 QTL clusters (Table 12 ). The site on chromosome I merged nine QTL from seven populations, with flanking markers at 33.3cM and 37.0cM, a CI of 3.7cM and an R 2 value of 20.8%. The site on chromosome A1 merged four QTL, predicted from four populations, into a single consensus QTL. The flanking markers for this site lay at 88.83cM and 97.49cM, the CI of the QTL was 8.66cM, and its R2 value was 9.4%. The site on chromosome B2 merged four QTL, predicted from two populations, into a single consensus QTL. The flanking markers for this site lay at 71.7cM and 73.22cM, the CI of the QTL was 1.52cM, and its R 2 value was 3.5%. The site on chromosome E merged five QTL, predicted from three populations, into a single consensus QTL. The flanking markers for this site lay at 23.5cM and 30.3cM, the CI of the QTL was 6.7cM, and its R 2 value was 7.4%. The site on chromosome M merged five QTL (five populations), with flanking markers at 34.2cM and 41.5cM, a CI of 7.2cM and an R 2 value of 12.4%. In total, twenty-three consensus QTL were detected. The confidence interval at all sites ranged from 1.52-14.31cM, and the proportion of the phenotypic variance associated with each of them from 1.5%-20.8%.
LG AIC value 
Meta-analysis of amino acid content QTLs
A meta-analysis was carried out on the consensus QTL sites on 26 QTL clusters (Table 14) . Most sites were related with more than two kind of amino acid content. The site on linkage group A1, with flanking markers Sat_344 and Sat_410 at 19.38cM and 29.63cM, a C.I. of 8.66cM was an admixture related with Glycine, Threonine, and Alanine content. The site with the minimal confidence interval on linkage group L, with flanking markers Satt495 and Sat_408 at 0.00 cM and 1.31cM, a C.I. of 1.86cM was related with Alanine, Glycine, Serine, Threonine, and Phenylalanine content. However, the site on linkage group M, with flanking markers GMSC514 and Satt201 at 3.05cM and 13.56cM, a C.I. of 8.66cM was mainly related with Methionine content.
LG (Table 16 ). In total, 9 kind of soybean fungal disease-resistance QTLs were integrated. For brown stem rot, in short BSR, one site was the most notable cluster of integrating 14 former researches with flanking markers Sctt011 and Satt547 at 62.88cM and 67.79cM on linkage group J, a C.I. of 3.78cM. For phytophthora root rot, in short phytoph, one site was on linkage group F with flanking markers Satt252 and Satt149 at 16.08cM and 18.12cM, a C.I. of 0.84cM. Another was on linkage group J with flanking markers Satt414 and Satt596 at 37.04cM and 39.64cM, a C.I. of 1.82cM. For sclerotinia stem rot, in short Sclero, the former research results were more dispersed. one main site was on linkage group E with flanking markers Satt720 and A517_1 at 20.80cM and 26.02cM, a C. Table 16 . Meta-analysis results of fungal disease resistance QTLs
Meta-analysis of insect-resistance QTLs
A meta-analysis was carried out on the consensus QTL sites on 14 QTL clusters (Table 17 ) . The QTL intervals were reduced from 15 cM to 3.67 cM in average. For single insectresistance, only the sites of soybean aphid-resistance and corn earworm-resistance got the meta-analysis results. 3 true QTLs were related with soybean aphid resistance. Two sites were on linkage group F, with flanking left markers j11_1 and R045_1 at 7.31 cM and 70.12cM, corresponding right markers BLT030_1 and Satt510 at 8.67cM and 71.41cM, the C.I. of 4.68cM and 2.37cM. The other was on linkage group M with flanking markers DOP_H14 and A131_1 at 41.84cM and 47.12cM, a C.I. of 4.07cM. 9 true QTLs were related with corn earworm resistance. One site was on linkage group D1a with flanking markers Sat_353 and R013_2 at 36.23cM and 38.09cM, a C.I. of 6.02cM. Another was on linkage group G with flanking markers Satt472 and Satt191 at 94.84cM and 96.57cM, a C.I. of 1.22cM. Others were shown in the Table 17 .
Most QTLs were related with mutiple insect-resistance (Table 18 ). For example, The site on linkage group E, with flanking markers A135_3 and Satt575 at 0.06cM and 3.30cM, a C.I. of 3.11cM was related with corn earworm resistance and common cutworm. (Table 20 ) . All the sites were dispersed on 9 linkage groups, only 2 clusters were found on LG B2. The site with the minimal confidence interval was on linkage group D2, with flanking markers Satt458 and Satt135 at 24.52 cM and 26.05cM, the C.I. of 1.52cM.
Meta-analysis of lodging QTLs
A meta-analysis was carried out on the consensus QTL sites on 11 QTL clusters (Table 21 ) . 5 clusters were found on LG L with the interval of 1. 31-6.19cM, 7.85-14.03cM, 30.58-34.14cM, 36.70-41.00cM, and 92.66-111.07cM, the C.I. were 3.55cM, 3.82cM, 3.12cM, 2.78cM, and 17 .04cM, individually. The site with the minimal confidence interval was on LG G, with flanking markers Sat_372 and L120_1 at 107.75 cM and 110.45cM, the C.I. was 1.73cM.
LG Table 21 . Meta-analysis results of lodging QTLs
Meta-analysis of soybean height QTLs
A meta-analysis was carried out on the consensus QTL sites on 12 QTL clusters (Table 22 ) . On LG B1 and LG K, 3 clusters were found, individually. The site with the minimal confidence interval was on LG K, with flanking markers Satt441 and Satt552 at 41.00 cM and 46.00cM, the C.I. was 0.24cM.
LG Table 22 . Meta-analysis results of soybean height QTLs
Meta-analysis of soybean growth stage QTLs
A meta-analysis was carried out on the consensus QTL sites on 7 QTL clusters for R1 period (Table 23) , 2 QTL clusters for R8 period (Table 24) , and 10 QTL clusters for multiple period (Table 25) . Three main sites related with R1 period were on linkage group J, with flanking left markers Satt076, A461_1, and K385_1 at 61.40cM, 87.90cM and 101.30cM, corresponding right markers L050_8, Bng095_1, and Sat_245 at 72.70cM, 100.40cM, and 115.10cM, the C.I. were 10.61cM, 8.66cM, and 10.60cM. The site with the minimal confidence interval was on LG C2, with flanking markers Satt365 and Satt658 at 111.70 cM and 113.60cM, the C.I. was 1.63cM. One site related with R8 period was on LG C2, with flanking markers A397_1 and Sat_263 at 116.70 cM and 118.80cM, the C.I. was 0.90cM. The other site related with R8 period was on LG L, with flanking markers Satt156 and Satt678 at 56.10 cM and 70.20cM, the C.I. was 9.64cM.
Discussion
Soymap2, the reference map A new public map, soymap2, was constructed by Song (2004) . Five soybean genetic maps, including molecular genetic maps of two F2 populations, A81-356022 × PI468916 and Clark × Harosoy, and three RIL populations, Minsoy × Noir1, Minsoy × Archer, and RILs of Noir 1 × Archer, were integrated. The public map contains 20
LGs and 1,849 markers, including 709 restriction fragment length polymorphism (RFLP) markers, 1,015 Simple Sequence Repeat (SSR) markers, 73 random amplified polymorphic DNA (RAPD) markers, six amplified fragment length polymorphism (AFLP) markers, and 46 markers of other types. This integrated map shows a very high density of SSR and RFLP markers, commonly used to map QTLs. Thus, QTLs from these maps could be easily projected onto the public map.
Using of meta-analysis in MAS
MAS is an important strategy for crop improvement. Recently, MAS has been successfully used to increase the quality and yield of wheat (Romagosa. 1999 ) and rice ). However, due to its validity, cost, and the low number of markers, MAS has not been widely applied in crops. The accuracy of mapping QTLs decides the efficiency of gene discovery and cloning. Meta-analysis is an important tool in linkage analysis, optimize QTL, shrink the confidence interval, and improve the accuracy and validity of QTL position (Löffler, 2009) , and is of particular relevance for the validation of known QTL. QTL location is affected by many factors, including genetic background, population size and analytical method, so a single study can only be taken as suggestive, unless it is based on a large enough set of experiments. Where the CI is large, it is difficult to distinguish between the presence of a single locus and the presence of two (or more) loci. The meta-analysis approach, as developed by Goffinet and Gerber (2000) , however does provide a means to alleviate the extent of this uncertainty, since it improves the capacity to identify the true number of QTL present, and the precision of their location by reducing their associated CI. QTL associated with early maturity in bread wheat have recently been identified using a meta-analysisbased approach (Hanocq, 2007) , and similarly, resistance to gray leaf spot in maize has been genetically defined by the integration of >50 QTL (Shi, 2007) . The proportion of the phenotypic variance explained by a given QTL (its R 2 v a l u e ) i s t h e m o s t i m p o r t a n t parameter in deciding whether marker assistance can be more efficient than conventional phenotypic selection alone (Bernardo 2001; Bernardo and Charcosset 2006) . The molecular markers in the consensus QTL could be used for individual selection in the original mapping population. In addition, some important intervals could be enhanced by backcrossing for QTL fine mapping. However, some key aspects of MAS still require improvement. The first is how to evaluate the contribution ratio of the allele for a special locus. For some populations, the allele is major, but for others it is minor. The second aspect is how to build a practical model for MAS or molecular design, which is important for the application of markers. We hope that the meta-analysis reported here will guide the choice of QTL targeted for marker assisted selection, and it was the foundation for the process of acquiring QTL-related genes in soybean.
Use of bioinformatics tools in mining candidate genes
With the advent of soybean genomic information and bioinformatics tools, finding consensus QTL intervals in the corresponding physical map is easier, particularly for mining candidate genes (Lv et al. 2008) . Bioinformatics tools are important in the process leading from QTL to the quantitative trait gene, or QTG. Wang and Paigen (2002) found that 18 of the 22 human high-density lipoprotein-cholesterol (HDL-C) QTLs were within the murine HDL-C QTLs, suggesting that murine QTLs for HDL-C levels may have homologous locations in humans and that their underlying genes may be appropriate for testing in humans. GENSCAN is a general-purpose gene identification program that analyzes genomic DNA sequences from a variety of organisms, including humans, other vertebrates, invertebrates, and plants. The InterProScan server analyzes sequences (cDNA, protein) with respect to international GO terms. In this study, traditional QTLs were integrated, and some important genes related to the important agronomic traits could be mined in the future.
Conclusion
In this chapter, the QTLs of 12 important agronomic traits in soybean were integrated by meta-analysis. 
